The oral cavity is host to a large and diversified population of microorganisms (4) . Recent studies have demonstrated that some members of this population adhere to human tissues in a more or less specific fashion. For example, Streptococcus mitis attaches to epithelial cells of the buccal mucosa and teeth (8) , whereas Streptococcus salivarius and Streptococcus pyogenes attach to epithelial cells lining the dorsum of the tongue (5) and throat (3), respectively. Streptococcus sanguis (15) and Streptococcus mutans (4) colonize tooth surfaces presumably by initially attaching to a layer of salivary glycoproteins that coat the teeth or by synthesizing an adhesive glucan from dietary carbohydrates.
In addition to providing themselves with a specific econiche, those bacteria involved in the initial attachment to various tissues also serve as a potential substratum for secondary colonizations (2) . Thus, electron microscopic studies (10) of dental plaque from both sub-and supragingival deposits reveal that a variety of morphologically diverse microorganisms can interact directly (cell-to-cell contact) or indirectly (via a matrix) to form, ultimately, a complex microbial community.
A study by Listgarten (9) describing the microbial composition of subgingival plaque obtained from periodontitis patients was of specific interest to us because electron micrographs revealed the presence of filamentous bacteria on or near the cementum surface of the tooth root. These bacteria were morphologically similar to a group of microorganisms that we had recently isolated from the plaque of patients with advanced periodontal disease. As part of a biochemical and genetic characterization of these filamentous gram-negative bacteria, their ability to colonize teeth was also tested. This report describes the preferential attachment of these organisms to the cementum surface of the root and our initial attempts to determine the means by which they adhere to that surface.
(A preliminary report of this work was presented at the annual meeting of the Interna- 
RESULTS
When the in vitro plaque assay of McCabe et al. (12) was used, strains DR2001, DR2002, and DR2021 colonized the root surfaces of teeth mounted on wire after 3 to 4 days of incubation. Further incubation resulted in the development of a heavy, tenacious, amber-colored bacterial mass that exhibited a relatively high degree of specificity for attachment to the cementum surface of the root (Fig. 1A and 2 incubation (greater than 3 weeks), the bacterial mass occasionally increased to a point where its weight distorted the bacterial deposit and caused it to cover the enamel surface. However, the adhesiveness of the plaque to the enamel surface in these instances was as weak or weaker than its affinity for the wire support. Inverting the tooth prevented the plaque from growing over the enamel surface, and bacterial growth on the crown only occurred in the crevices and wire-crown interstices ( Fig. 2A) . When the tooth was sectioned longitudinally and incubated in the same fashion as intact teeth, the Cytophaga strains quickly colonized both the root surface and the entire exposed portion of the tooth's interior (Fig. 2B) . Experiments identical to those shown in Fig. 1A and 2 were repeated at least four times with each strain and yielded substantially identical results (Fig. 3A and C) . Since the teeth were randomly selected specimens from a variety of human sources and colonization also occurred in Trypticase soy broth (BBL Microbiology Systems) supplemented with 0.5% glucose or sucrose (Fig. 3B) , the phenomenon does not appear to be restricted to a specific set of growth conditions.
The pattern and specificity of Cytophaga sp. colonization contrast sharply with those of S. mutans; the latter adhere to the surfaces of the crown, root, and support wire with the same apparent tenacity (Fig. 1C) . Furthermore, unlike S. mutans, glucose may be substituted for sucrose in the incubation medium of the gramnegative isolates without affecting their ability to colonize the root surface. To completely di- vest the requirement for sucrose from the colonization process, the incubation medium was treated with filter-sterilized invertase at a concentration of 20 ,ug/ml (2.5 IU/ml) for 2 h before autoclaving. This treatment had no effect on colonization by the Cytophaga isolates; however, it did prevent the colonization of S. mutans (data not shown). Finally, plaques formed on wires by both S. mutans and Cytophaga strains were treated with an endodextranase (data not shown). At the end of the 24-h incubation period, the S. mutans plaque sample had been reduced to less than half of its original size, whereas the Cytophaga plaque sample remained unchanged. Therefore, it appears that dextran is not a significant component of the Cytophaga plaque deposit.
Examination of the root surface after 3 weeks of colonization by these microorganisms revealed that the layer of cementum and underlying dentin had been degraded and demineralized. Gentle probing with a scalpel dislodged large pulpy sections of the root. The consistency of the material was very similar to that found in carious lesions produced by streptococci.
DISCUSSION
The slender, filamentous, gram-negative rods isolated from subgingival plaque of patients with advanced periodontal disease are morphologically similar to microorganisms photographed in plaque deposits taken from the apical areas of periodontal lesions (9) . Tentatively identified as members of the Cytophaga in our laboratory, these isolates exhibited a predilection for colonizing the root surface of intact teeth or the dentin surface of sectioned teeth; the organisms do not adhere well to the smooth enamel surfaces. Their apparent specificity for the cementum surface of the root and dentin surfaces of sectioned teeth suggests that these microorganisms may be binding to one or more structural proteins present in the ground substance of those sections of the tooth. Studies are currently underway to determine the specific binding sites of these microorganisms.
The ability to attach to the cementum surface of the root and produce acid from a limited number of sugars (unpublished data) endows these microorganisms with an obvious pathogenic potential. If the in vitro experiments with intact teeth even remotely simulate events occurring in vivo, these organisms may contribute significantly to the progression of periodontal disease. Their contribution to the diseased state can be made in one of several ways. By simply binding to the root surface, these gram-negative microorganisms may provide a localized concentrated source of lipopolysaccharide on or near the alveolar bone-root juncture which could cause bone resorption by eliciting a host-mediated immune response (13) . In this connection, it should be noted that the cementum surface of teeth extracted from patients with periodontal disease contains tightly bound endotoxin-like material (1) . However, the bacterium itself is capable of demineralizing the dentin layer of the root and could conceivably demineralize bone. Destruction of the former would require the presence of a fermentable carbohydrate and may manifest itself as a carious root lesion. A concerted effort to define the role of this organism in periodontal disease is presently underway.
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